Germination of Citrullus lanatus seed is inhibited by white light. The nature of the light inhibition resembles that of a low-energy reaction . Removal of the outer seed structures, especially the membrane enveloping the embryo, overcomes the inhibitory effect of light. Gibberellic acid slightly reverses the inhibitory effect of light while kinetin and particularly ethrel strongly promote the germination of seed in white light.
Introduction
Citrullus lanatus is a summer growing annual indigenous to Southern Africa . Some species of the Cucurbitaceae are known to be negative ly photoblastic in their germination response (Noronha et al. 1978; Felippe & Litjins 1979 ; Loy & Evensen 1979) . The inhibitory effect of light on the germination of Cucumis anguria seeds can be reversed by growth regulators (Felippe & Litjens 1979) .
Removing or damaging the structures which envelop the embryo has been shown to be effective in overcoming the inhibitory effect of light on the germination of some cucurbits (Koller et al. 1963 ; Loy & Liu 1974) .
The effect of light on the germination of some of the cultivated form s of Citrullus lanatus was investigated by Loy & Liu (1974) & Evensen & Loy (1978) . However, very little is known about the seed germination behaviour of the wild uncultivated form of C. lanatus. As an initial study the effect of white light and growth substances on the germination of this form were investigated .
Material and Methods
Seeds were isolated during August from the fruits of Citrullus lanatus (Thunb.) Matsumura & Nakai plants growing in the wild. The fruits which matured approximately 4 -5 months earlier had therefore been exposed to the prevailing winter conditions. Harvested seeds were air dried at room temperature and stored in airtight glass containers in the dark at room temperature.
Germination tests were conducted at 27°C in the light and in the dark . The light source consisted of 'cool white' fluorescent tubes which delivered a quantum flux of 16 ,6 flE cm-2 S-I at the position of the seeds .
Seeds were incubated on Whatman no . 1 filter paper in 300-cm3 glass bottles capped with airtight lids. The 5,5 cm diameter filter paper which completely lined the base of the bottles was moistened with 2 ,5 cm 3 of test solution. All experiments except those with ethrel were also conducted in 9,0-cm Petri dishes . In these experiments the 9 cm diameter filter paper was moistened with 5 cm 3 test solution. In all cases 30 seeds were used per replicate . In order to count germinated seeds , the glass bottles were opened after 48 and 72 hours of incubation.
The effect of various chemicals on the light and dark germination was tested. Chemicals used included 6-furfurylaminopurine (kinetin, 1,16 X 10-4 ; 2 ,32 X 10-4 ; S. Afr. 1. Bot. 1982,1(1/2) 5 8 X 10-4 • 1 2 X 10-3 and 2 3 x 10-3 mol dm- 3 ) , , , , , gibberellic acid (GA 3 , 7,2 x 10-5 ; 1,4 x 10-4 ; 3,6 x 10-4 and 1,4 x 10-3 mol dm-3 ), potassium nitrate (0,01; 0,1; 0,25; 0,5 and 1,0 mol dm-3 ) and 2-chloroethanephosphonic acid (Ethrel, 3,5 x 10-5 ; 6,9 x 10-5 ; 1,7 x 10-4 and 1,7 x 10-3 mol dm'::'3) . The role of the structures surrounding the embryo on the light sensitivity of the seeds was determined by removing these structures. In some cases the lignified testa was removed by applying mechanical pressure to the thin edges of the seed which caused rupture of the suture joining the two halves of the testa. Naked embryos were obtained by removing both the testa and the thin membrane which directly underlies the testa. The membrane consists of a few layers of dead cells (remnants of the nucellus) and a single layer of living cells derived from the endosperm.
At least six replicates per treatment were used throughout. Least significant differences were calculated by using the Tukey procedure (Nie et al. 1975) .
Results
As no differences between experiments conducted in glass bottles and Petri dishes were observed only the results obtained in glass bottles are given. The germination behaviour of seeds which had been subjected to different periods of white light (24, 36, 48 , and 72 h) followed by darkness or vice versa during incubation is recorded in Table 1 . Germination in continuous light was very low compared to that in continuous darkness. The latter treatment resulted in a final germination percentage of96%. A difference of more than 9 between any two germination figures is significant at the 5% level of probability.
Seeds which were kept in darkness for 24 h before being exposed to light, behaved the same as seeds kept in continuous light. Increasing the prelight, dark period beyond 24 h, however, resulted in a final germination count equal to that obtained in the dark control. In fact a 36-and 48-h prelight, dark treatment actually increased germination rate (compare 72-h germination counts). From the results in Table 1 it therefore is clear that the inhibitory effect of white light can be nullified by a subsequent dark period. Although removal of the testa caused some increased germination in the light, removal of both the testa and the underlying membrane resulted in 100% germination in the light (Table 2 ). This effect cannot be ascribed to water uptake differences as shown by the results in Table 3 . The percentage germination obtained with naked embryos was always 100%. A difference of more than 10 ,5 between any two germination figures is significant at the 5% level of probability.
Ethrel at all the concentrations used, promoted germination in white light (Figure 2) . Maximum promotion was obtained with a concentration of 1,7 x 10-4 mol dm-3 • The growth substances kinetin and GA 3 , although less effective than ethrel could partially eliminate the inhibitory effect of white light. This is demonstrated in Figure  3 where the effect of only those concentrations of the test aGermination first observed A difference of more than 1,85 between any two figures is significant at the 5% level of probability. 
Days of incubation
Days of incubation Figure 3 The effect of ethrel , kinetin , GA3 and KN0 3 on the germination of Citrullus lanatus seed in white light at 27°C (LSD = 8,1 %) substances which gave the highest germination results are recorded. Potassium nitrate had virtually no stimulatory effect, in fact concentrations above 1 x 10-2 mol dm-3 were inhibitory to germination (not shown).
Discussion
The germination of the seed of a number of cucurbits has been found to be inhibited by white light (Loy & Koller et al. 1963; Felippe & Litjens 1979; Noronha et al. 1978) . In the case of Citrullus lanatus, studies in this regard have apparently only been performed on cultivated strains (Evensen & Loy 1978; Loy & Evensen 1979 ). The present investigation demonstrates that the germination behaviour at 27°C of the wild form also is typically negatively photo blastic. White light is very effective in inhibiting germination even if administered after 24 h of dark incubation. However, after 36 h of dark incubation light is no longer effective in inhibiting germination. Clearly some metabolic eve.nt necessary for germination, occurs during the period 24 to 36 h after the onset of dark imbibition which precludes the inhibition by light of the seed's subsequent germination . Loy & Evensen (1979) reported similar results for the inhibition by far red light of the germination of a dwarf strain of C. lanatus and showed that germination was phytochrome controlled. The presence of phytochrome in seeds of a number of the other cucurbits has been well documented (MaIcoste et al. 1970; Spruit & Mancinelli 1969) . We are presently investigating the role of phytochrome in our material; preliminary investigations indicate that the light inhibition is red -far red reversible (unpublished) .
In the present study , intermittent white light showed that 1 h of light in every 12-h cycle was as effective as continuous light in inhibiting germination. This indicates strongly that the light inhibition in the wild form of C. lanatus if under phytochrome control, is a typical lowenergy reaction (Kendrick 1976 ) and as such differs markedly from the germination behaviour of C. colocynthis which requires 12 h of continuous light in every 24-h cycle for inhibition (Koller et al. 1963) .
It has often been demonstrated that the germination response of light-sensitive seeds can be altered by damaging or removing one or more of the superficial structures of a diaspore (Gardner 1921; Klein & Preis 1958; Koller et al. 1963) . The inhibitory effect of light on the germination of the seed of the wild form of C. lanatus was shown to be completely reversed by the removal of the testa and underlying membrane . The increase in germination which was observed where only the testa was removed probably resulted from inadvertent damage to the underlying membrane. The increased germination that was obtained by Loy & Liu (1974) after the seeds of cultivated strains of C. lanatus were scarified probably also resulted from damage that was done to the membrane enveloping the embryo. The mechanism by which this membrane affects germination is unclear and is currently being investigated. The present study suggests that the inner membrane does not control germination by restricting water uptake per se.
The fact that GA3 could only slightly reverse the inhibitory effect of light is in accordance with the results obtained by Evensen & Loy (1978) . Kinetin was more effective than GA3 in reversing light inhibition. This result differs from that obtained with Cucumis anguria by Felippe & Litjens (1979) . On the other hand , the complete reversal of light inhibition by ethrel is similar to the results obtained by these authors with C. anguria.
Whether the effect of ethrel is due to the ethylene which S. Afr. J . Bot. 1982 , 1(112) this compound releases when absorbed by plant tissue (Wareing & Phillips 1978 ) is at present being investigated.
